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The Chinchorro cemeteries of northern Chile are the first graveyards of the Andes (Arriaza 1995, Schiap-
pacasse & Niemeyer 1984). The excavation and analysis of Chinchorro mummies reveals the 'true character 
of the people'. The burials themselves are optimal for preservation of corpses, burial furniture, and aspects 
of ceremonies associated with the dead. The analysis of corporeal remains gradually clarifies the details 
of daily activities and status. Therefore, we feel that a holistic approach to mummy studies provides 
enormously fruitful paths to understanding the character of the ancient Chinchorro society. 
The discovery and analysis of mummies always brings a great amount of excitement. But often the 
first published analyses are most widely disseminated and accepted. This is unfortunate because analy-
sis of a series of discovered mummies lasts for decades. Analyses of mummies are done in a sequence 
of stages. The first sequences most often involve the archaeological analysis of grave patterns and then 
individual graves. For the graves, analysis begins with associated artifacts and the external appearance 
of the mummies and continues with more specialized analyses of internal structure through radiography, 
chemical analyses, coprolite analysis, and eventually many more types of study. Each stage of analysis 
brings its own level of interest as new data and new perspectives are derived from each study. It must 
be remembered that each perspective is only one abstraction of ancient life. Invariably, new analyses 
modify or outright contradict the findings of previous analyses. Understandably, the first published 
analyses become the established perspectives, even when the results defy logic. As the first analyses are 
cited in secondary references, the perspectives and abstractions they represent become reified. Subsequent 
analysts have a special challenge of confronting the older reified perspectives with new data. 
This has happened with the study of Chinchorro mummies. The basic issue regarding the emergence 
of Chinchorro culture was the subsistence and economic base. The first analysis of middens indicated 
the much of the Chinchorro diet came from the ocean (Bird 1943). The analysis of burial artifacts and 
skeletal pathology indicated that the ocean provided the basis for subsistence and economy. These views 
were reified by the analysis of bone chemistry which suggested that as much as 94 % of the diet came 
from ocean protein sources (Tieszen et al. 1995). This reconstruction was illogical because such a large 
proportion of protein is physiologically maladaptive for a long-lived culture such as the Chinchorro. 
Anthropologically, such subsistence does not follow principles of hunter-gatherer societies. However, 
this numerical estimate was repeated in the literature and became the foundation for our understanding 
of Chinchorro life. 
For us, it makes most sense to treat each analysis as just one view of ancient life. As such, each 
analysis can be used to generate hypotheses to be tested by subsequent analyses. In this way, we find 
that sequential mummy analysis over many decades stays dynamic and vital. Also, with each passing 
analysis, the picture of ancient life becomes more complete. We treat the bone chemistry results as the 
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basis for a testable hypothesis. In this article, we present coprolite data from Chinchorro mummies to 
test previous bone chemistry data that the Chinchorro people were dependent dietarily and economically 
on marine protein. 
Cultural and Ecological Context 
The Atacama Desert dominates the landscape of northern Chile and southern Peru. However, contrary 
to the popular view, the region is not an absolute desert. There are among steep canyons and coastal 
cliffs, small rivers and swampy estuaries that create diverse regional ecosystems such as Locumba in 
Peru and in Chile Arica (Las Chimbas), Caleta Vitor, and Camarones. At the river deltas, fresh water 
accumulates allowing for cattails, totora reeds and grasses to flourish. In these areas, it is easy to collect 
terrestrial resources and raw materials including plants, birds, eggs, crawfish, combustible materials, 
and even wood (Arriaza 1995, Bird 1943, Llagostera 1992, Munoz et al. 1993, Nunez 1983, Schiappacasse 
& Niemeyer 1984). Paleoenvironmental reconstructions indicate that there were more water resources 
in the past relative to today which facilitated animal diversity and human survival to some extent (De-
France & Humire 2004, Latorre et al. 2003, Lavallee 2000, Lavallee et al. 1999, Nunez & Grosjean 1994, 
Sandweiss 2003, Sandweiss et al. 1998). In addition, the cyclical Nino phenomenon created variations in 
water temperatures changing the biota and resource availability. 
The Chinchorro culture inhabited this area and developed approximately 7000-1000 BC The Chin-
chorro were hunter-gatherers-collectors who settled the productive estuaries and river valleys along coast 
of northern Chile and far southern Peru. In these coastal refuges the Chinchorro had abundant drinkable 
water and plant resources. They harvested plant resources for tool manufacture, mummy construction, 
and for food. They also hunted marine vertebrates and gathered marine invertebrates. All ornaments, 
clothing, tools, and other daily necessities were made of local stone, shell, wood, bone, hides, and fiber 
of both animal and plant origins. Communication between estuaries was difficult. The estuaries are 
separated by miles of rocky cliffs at the coastline and inhospitable desert inland. Therefore, each group of 
Chinchorros lived in essential isolation with its own river valleys. Especially large river valleys, such as 
the estuary at Arica, Chile, saw social differentiation, perhaps derived from competition over resources. 
The competition is represented by evidence of interpersonal violence for the Chinchorro which has the 
highest rate of any Atacama culture (Standen & Arriaza 2000). The Chinchorros left shell deposits of vari-
ous sizes. At the Camarones River for example, an enormous shell deposit extends southward from the 
valley for over a kilometer in length. It covers the hillside extending down to the coastal cliffs (Fig. 1). In 
the shell deposits, there are the remains of Chinchorro shelters. On the north side of the valley, another 
small shell deposit was created some 300 m a. s.l. on a narrow bluff that may have served as a lookout 
for marine animal life (Fig. 2). 
These sites were located close to critical food sources and water. The food sources were the ocean 
and the river valley wetlands. The tools and refuse in the middens include artifacts and residues from 
these critical food sources. This indicates that the Chinchorro were Central Place Foragers (Winterhalder 
2001). They radiated out from the habitations on foraging expeditions as individuals or in small groups 
and returned with the harvest for food preparation and sharing. 
The most famous aspect of Chinchorro culture was the elaborate mummification practice applied 
to their dead. The process of preparing mummies developed over several millennia. The earliest mum-
mies (ca. 5000 BC) involved the defleshing of corpses and disarticulation of the skeleton. The skeletal 
elements were then rearticulated and the soft tissue was constructed with woody and non-woody plant 
tissue and external features were sculpted of clay. There are several variations of this basic method, 
variations in the treatment of the head, skin, and hair. Later mummies (ca. 1700-1000 BC) were made 
without evisceration. Some were coated with mud and buried, others were bodies wrapped in a totora 
reed blanket and transformed into natural mummies thanks to the Atacama's sand, the absence of rain 
and high temperatures. Culturally, these later more simple mummies are more useful because coprolites 
and soft tissue are preserved. Therefore, the details of disease and diet can be recovered from mud and 
natural mummies. 
Here, we want to discuss Chinchorro diet based on the indirect evidence (the cultural material) and 
the direct evidence coming from mummies. 
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Circumstantial Evidence - Grave Offerings and Midden Remains 
The Chinchorro cemeteries and shellmounds present a variety of tools that shed light to their subsistence. 
Additional evidence of food resources comes from plants, animals and bird remains. Their toolkits were 
oriented to fishing, gathering, and hunting. Fishhooks were made of bone and shell hooks, fishing lines 
were made of reeds tied to stone sinkers (Standen 1997). Bone 'chopes', lithic knives, scrapers, awls and 
bifacial points were also present. Chopes, are prying tools used to force shellfish from littoral rocks and 
tidal pools. These were used together with small net bags to collect limpets and snails. To hunt land and 
sea mammals they used harpoons, and darts with atlatls. 
Plant use for tool-making is also evidenced on Chinchorro sites. The archaeological record (strata) 
and Chinchorro funerary bundles show abundant of evidence of totora (Typha) and junquillos (Scirpus). 
Totora and junquillos were used to pack the mummies, to make cords, basketry, clothes and twined 
mats to wrap the mummies. Most Chinchorro textiles are large twined vegetable fiber mats/shrouds 
(2 x 1.5 m). These plants were also used to make grass skirts for women (Standen 1997). 
Today, Scirpus americanus var. ordalus (Cyperaceae), Scirpus american us var. monofilus (Cyperaceae), 
Equisetum giganteum (Equisetaceae), Cortaderia spp. (Poaceae), Distichlis spp. (Poaceae), and Polypogon 
spp. (another Poaceae) are common. (Previously, the Scirpus species were included in the genus Schoeno-
plectus). From comparative microscopy, to be presented later, it appears the Chinchorros used many of 
these plants. 
Most protein came from the ocean. Marine mammals were used for food and tools. Sealion bones 
are found as grave goods, some with embedded lithic points (Standen, 1997). Also, the ribs of these 
animals were used to make chopes. There is no evidence that Chinchorros hunted whales, but they 
certainly used beached whales. Bones of whales were used as grave goods and we assume then that 
Chinchorro occasionally ate whale meat. Mollusks were abundant in Chinchorro archaeological record, 
especially in middens and shell mounds. Univalves and bivalves were gathered. Concholepas concholepas 
(scallops), Choromytilus chorus (giant mussel) and Fissurella spp. (limpets mussels) were an important part 
of Chinchorro subsistence. Mollusks were central to their daily life as reflected by the many large shell 
mounds along the coast of modern Peru and Chile. Fish bones and sea urchins are also very common 
in middens. The Chinchorro made needles from sea urchin spines. The most common fish bones come 
from Sarda chilensis. (bonito), Trachurus murphyi (jurel, mackerel, herring), Mugil cephalus peruanus (lisa, 
mullet), Scomber japonicus peruanus (la caballa, mackerel), Paralichtys spp. (lenguado, flounder), Cilus monti 
(corvina), and Pimelometopon spp. (pejeperro) (Schiappacasse & Niemeyer 1984). 
In addition to these marine animals, the Chinchorro used terrestrial species. 
Camelids were very important. Often camelid skin was used to wrap the mummy bundles. Then, 
there is no doubt the Chinchorro hunted these animals. However, camelid bones are scarce in the Chin-
chorro archaeological record. Perhaps, they did not over hunt these animals or they hunted them at 
some distance from the coast and butchered the carcasses where they were hunted. Therefore, mostly 
meat would have been brought back to the coastal habitations. We assume, however, they ate camelid 
meat. Small birds, such as the Franklin seagull, and large birds, such as pelicans, are common in today's 
northern Chile landscape and the archaeological record shows the Chinchorro also hunted birds. We 
have found the beaks and feathers of pelicans. Beaks were placed as grave goods and pelican skin with 
feathers was used to fill the mummy cavities. We assume they ate the meat of these birds. 
Chemical Reconstruction of Diet 
The first dietary reconstructions based on direct analysis of mummies were carbon stable isotopic and 
strontium isotope analysis of bone. These emphasized near-exclusive reliance on marine foods. Tieszen 
et al. (1995) analyzed stable carbon and nitrogen isotopic values from 18 mummies described as "Late 
Chinchorro", although the site from which the mummies were recovered is not specified. Data provided 
compelling evidence of marine dependence for these 18 mummies. Most convincing was the application of 
bioapatite-tollagen spacing values that are a now a well-documented means of determining the quantity of 
meat in the diet. Spacing values of 3-4 indicate carnivory, while spacing values of 6-7 indicate herbivory. 
The Chinchorro values ranged between 2 and 4, clear indicators of carnivory. The source of the meat in 
Chinchorro diet was concluded to be marine as indicated by the stable carbon and sulfur values from 
mummy collagen. Tieszen et al. concluded that 80-100 % of the Chinchorro diet was marine origin. 
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Fig. 1. The Chinchorro lived in wet microenvironments within the large expanse of the Atacama Desert. a-c, Wet-
land environments at the mouths of the river in the Camarones Valley. The name "Camarones" refers to fresh-
water crustacea, or crayfish, which are found here. d-f, Wetland resources such as sedges (d), and cattails 
(e-f). Birds are a coastal resource (g). h, Very large Chinchorro site exposed by a road cut. 
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Fig. 2. The majority of Chinchorro dietary residues recovered from the mummies are finely minced plant tis-
sues. a, b, Woody plant stem tissue from mummy Morro 1 Tomb 25 Mummy 2. c. d, Plant residue from mummy 
Morro 1 Tomb 7 Mummy 4. These include a trichome (c) and folded monocot stem (d). We believe that the 
stem is consistent with an arenchymous rhizome. The remaining images are from Morro 1 Tomb 25 Mummy 2 
and show vascular tissue (e,f), and epidermal fragments (g,h). 
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Aufderheide & Allison (1995) came to similar conclusions based on analysis of strontium isotopes 
and strontium-calcium values from 62 Chinchorro mummies and skeletons. Strontium-calcium values 
indicated the amount of meat in the diet, and the strontium isotope ratios indicate the source of the 
meat - marine or terrestrial. The analysis showed the Chinchorro were carnivores and the source of their 
food was marine. Aufderheide and Allison concluded 88.7 % of Chinchorro food had a marine origin. 
In contrast, only 6 % of the diet was from terrestrial plants and 5.5 % was from terrestrial meat. This 
suggested that 94 % of the Chinchorro diet was derived from meat. 
This did not make sense nutritionally or anthropologically and is in contrast with other physical 
evidence. Chinchorro middens contain grinding stones which is circumstantial evidence that plants were 
collected and ground. Chinchorro teeth show dental attrition and abscesses typical of hunter-gatherers 
and suggestive of plant diet (Langsjoen 1996). Previous analysis of Chinchorro gut contents showed 
that seeds and rhizomes were important in diet (Holden 1989, 1990, 1991, 1994; Holden & Nunez 1993; 
Reinhard & Bryant 1995). A 94 % protein diet would be nutritionally precarious and would result in hy-
perproteinemia. Finally, the location and contents of the sites indicate that the Chinchorro were typical 
Central Place Foragers who used a variety of ecological regimes for subsistence. Such foragers are typified 
by sexual division of labor in which men hunt animals and women gather plants. If the Chinchorro were 
almost exclusively reliant on animal food, that would leave the subsistence role of women undefined. 
The reconstruction of Chinchorro diet has been dominated by isotopic analysis despite the illogic of 
the bone chemistry data and the archaeological and coprolite evidence to the contrary. The data have 
been reported in popular and scholarly work leading us to several questions. Where did the evidence 
of plant foods go? Can this evidence be recovered from coprolites? Would such evidence modify our 
current reconstruction of Chinchorro society? 
Coprolite Analysis of Chinchorro Mummies 
Our coprolite analysis, presented here, tests the hypothesis that the Chinchorro were dependent on 
marine protein. We address this through analyses of mummies from the Arica sites of the Morro 1 and 
Morro 1-6 cemeteries. The C14 dates for Morro 1 range from 3488 to 5434 BP, and for Morro 1-6 ranges 
from 2700 to 4310 BP. 
We include, and build on, previous analyses. Tim Holden published the first coprolite analyses of 
Chinchorro mummies (Holden 1991, 1994; Holden & Nunez 1993). These studies focused on mummies 
from the Morro 1-6 cemetery near Arica, Chile. Data from these publications are summarized in Tables 
1 and 2. In these publications, the genus Schoenoplectus was used instead of the more recent application 
of Scirpus to local sedges. This has been changed in Table 1. 
Holden (1994), and also in previous papers, described the problems in rehydrating, disaggregating, 
and identifying dietary components in Chinchorro mummy coprolites. For this reason, unidentifiable 
organic debris makes up the largest consistent components in Holden's data. This imposed a bias in 
Table 1. Plant food remains recovered from Chinchorro coprolites by Holden 1994. Numbers indicate grams 
of debris recovered. x signifies trace amounts recovered less than 0.01 g. 
Site Tomb Cheno Solan Scirpus ? Seeds ? Epid ? Fiber ? Cork ? root Potato?? 
Seed Seed Rhiz layer stem 
MOl-6 T-18 0.04 0.01 
MOl-6 T-22 0.01 
MOl-6 T-32 x x 0.01 0.01 x x 
MOl-6 T-33 x 
MOl-6 T-46 
MOl-6 T-53 x x 
MOl-6 T-56 0.10 
MOl-6 T-U3 1.02 
MOl-6 T-U7 0.119 x x x 
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Table 2. Animal food remains and unrecognizable debris recovered from Chinchorro coprolites by Holden 
1994. Numbers indicate grams of debris recovered; x signifies trace amounts recovered less than 0.01 g. 
Site Tomb Coel Radulae fish bone and scale Unidentifiable Organic 
MOl-6 T-18 x 0.12 0.32 
MOl-6 T-22 0.01 0.52 
MOl-6 T-32 x 0.1 0.49 
MOl-6 T-33 x 0.49 
MOl-6 T-46 x x 
MOl-6 T-53 x 0.18 
MOl-6 T-56 0.2 0.6 
MOl-6 T-U3 x 0.32 
MOl-6 T-U7 x 0.65 
Holden's analysis because fish bone and mollusk radulae were more easily recoverable than plant re-
mains. Despite this, Holden recovered consistent evidence of plant foods in the coprolites. The majority 
of the plant foods came from Scirpus rhizomes. 
Reinhard & Bryant (forthcoming) recognized that part of the rehydration problem with Chinchorro 
mummies resulted from oily material that permeated the 
Table 3. Archaeological data for each sample. coprolites from mummy decomposition. Using a brief 
treatment of dilute potassium hydroxide, this problem 
can be overcome. We recognized that a problem with 
Lab# Site Individual Date identifying Chinchorro dietary remains stems from their ________________ _ 
habit of grinding their food to tiny particles. Therefore, we 1989-4 
undertook microscopic analysis of Chinchorro rehydrated 1989-5 
coprolite residues. As a result, our recovery of unidentifi- 1989-6 
able remains is reduced. 1989-8 
MOl-6 
MOl-6 
MOl-6 
MOl-6 Tables from our analyses of mummy coprolites from 
the Morro 1 and Morro 1-6 cemeteries are presented in 1989-10 MOl-6 
Tables 3 and 4. The macroscopic remains are tabulated 1989-11 MOl 
in Table 2. Twenty-one coprolites contained macroscopic 1989-12 MOl-6 
T-55 
T-Ul 
T-U7 
T-22 
T-U3 
T-16 
T-18 
remains. Cyperaceae (sedge family) seeds were present 1989-13 MOl-6 T-23 C-1 4010 years old 
in four mummies. Three types were found. In mummies 1989-14 MOl-6 
MOl-6 T-55 and T-U1, the seeds were thick shelled with 1989-15 MOl-6 
reticulate surfaces. These seeds were mostly ground. 1989-16 MOl-6 
Thick-shelled, smooth seeds were found in sample MO 1-6 
T-16. These were also ground. Whole, thin-walled seeds 1989-17 MOl-6 
were found in sample MOl-6 T-23 C-l. 1989-18 MOl-6 
Evidence of Solanaceae (tomato family) fruit was 1989-19 MOl-6 
present in three mummies. In these mummies, seeds, 1989-20 MOl-6 
pericarp (fruit wall), and fibers consistent with, but not 1989-21 MOl-6 
exclusive to Lycopersicon were found. Lycopersicon is the 1989-22 MOl-6 
tomato genus. Thirteen coprolites contained plant fiber or 2000-1 MO 1 
plant stem fragments. These appeared to be from monocot 
plants such as sedge or grass. Some stems were aerenchy- 2000-2 
mous, which is typical of aquatic plants. In some cases, 2000-3 
the stems were blackened, probably by charring. Three 2000-4 
mummies contained 'black compressed plant tissue'. In 2000-5 
these samples, the recovered macroscopic remains did 2000-6 
not consist of separated, identifiable particles. Instead, 2000-7 
MOl 
MOl 
MOl 
MOl 
MOl 
MOl 
T-27 
T-28 
T-29 
T-31 
T-32 
T-33 
T-46 
T-53 
T-56 
T-2 C-5 
T-10 
T-12 
T-20 
T-23 C-1 
T-24 
T-25 C-2 
3750 years old 
3895 years old 
the residue was composed of aggregated food particles 
in a black, adhesive material in which one could observe _20_0_0_-8 ___ M_O_1 ___ T_-1_0 ______ _ 
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the parallel rows of plant fibers from a monocot species. 
Animal bone or scale was present in eleven coprolites. Ten coprolites contained fragmented fish bone. 
The bone has been broken by grinding. The bone is so finely ground that it could have been consumed 
as a paste made from small fish. One coprolite contained a spine from a squid tentacle. One coprolite 
contained a feather fragment. 
The microscopic, non-pollen remains are presented in Table 2. Twenty-three mummies contained 
microscopic dietary residues. Plant stem structures and cells were most common. Vascular bundles were 
present in 14 mummies. Several fiber types were identified. Fiber type 1 was present in five mummies, 
fiber type 2 in four mummies and fiber type 3 in three mummies. Black plant fibers, probably from cooked 
stems or rhizomes, were present in eight mummies. Secondary thickenings of xylem (water conducting 
structures) were present in eight mummies. The amount of primary vascular tissue versus mature tissue 
is noteworthy. The development of xylem with silicified ring supports is relatively uncommon compared 
to unsilicified tissue and phloem. This suggests that the Chinchorro ate tender new shoots or rhizomes 
of monocot plants. Other plant microfossils included ground seed testa, which was found in two mum-
Table 4. Dietary remains from samples. Microscopic residues are presented in terms of number of items per 
gram of coprolite. For brevity, minor components were omitted in this table. 
Mummy 
1989-4 
MOl-6 T-55 
1989-5 
MOl-6 T-Ul 
1989-6 
MOl-6 T-U7 
1989-8 
MOl-6 T-22 
1989-10 
MOl-6 T-U3 
1989-11 
MOl T-16 
1989-12 
MOl-6 T-18 
Macroscopic Findings 
0.1 g whole seeds, Cyperaceae (n==16) 
1.55 g ground seeds, Cyperaceae 
(0.1-1.0 mm in size) 
0.63 g ground seeds, Cyperaceae 
(0.1-0.4 mm in'size) 
0.05 g stem fragments 
(3-6 mm in length range) 
0.02 g whole seeds, Cyperaceae (n =47) 
1.85 g ground seeds, Cyperaceae 
(0.2-4.0 mm in length range) 
0.01 stem fragments (2-4 mm in size) 
0.2 g ground seed in fecal matrix 
Microscopic Findings 
1119000 seed testa fragments 
6000 tracheids 
11000 vascular bundle 
11000 phytoliths, various morphologies 
2146905 fiber type 1 
87885 silicified vessels 
263605 vascular bundles 
64000 epidermis cells, various morphologies 
0.22 g Solanaceae fruit abundant but not quantifiable -
(seeds, pericarp, and fiber) crushed seed testa 
0.15 g very fine fragments of plant stem tissue 
0.2 g plant stem 66000 black plant fiber 
0.4 g plant stem fragments 3000 starch aggregates 
(less that 0.5 mm in size) 2000 vascular bundles and 
0.2 g fragmented fish bone 4000 phytoliths 
0.13 g stem (0.5-3.0 mm long) 1921000 fiber type 3 
0.09 g unidentifiable fecal debris 316000 tracheids and 
11300 vascular bundles 
68000 fiber type 1 
0.04 g ground Cyperaceae seed 1045000 ring-supported vascular tissue 
0.32 g stem 51000 fiber type 3 
0.01 g feather 23000 tracheids 
0.17 g unidentified white granules (starch?) 68000 cells w / diamond-shaped phytoliths 
0.11 g unidentifiable fecal debris 6000 potato-like starch 
0.17 g stem and plant epidermis 195000 fiber type 2 
(0.1-0.5 mm in length range) 59000 fiber type 3 
0.25 g stem fragments (0.5-1 mm in length range)5000 tracheids and 
0.03 g fragmented fish bone 2000 vascular bundle w / fiber type 2 
(0.5-5.0 mm in length range) 1000 potato-like starch 
trace sand from grinding stone 
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mies, fiber consistent with Lycopersicon fruit was found in one mummy. Various phytoliths were found 
in seven mummies, and starch granules were present in six mummies. Four mummies contained amber, 
irregular-shaped, plate-like fragments. These structures compared well to fish bone fragmented on a 
microscope slide. 
Table 5 presents a synthesis of Holden's (1994) findings and ours. Holden (1994: 76) concluded that 
Chinchorro diet represented a "reoccurring association of between marine resources and starch-rich 
underground storage structures". We would modify this to say that Chinchorro diet was a synthesis of 
coastal protein resources and estuary wetland resources including rhizomes, seeds, and fruits. Fish bone 
occurs in most coprolites, but is often a trace component when it occurs. Indeed, we found no fish bone 
in several coprolites that were positive for traces by Holden's analysis. The coprolite data show a nearly 
ubiquitous presence of plants. The vast majority of the plant structures appear to be from rhizomes but 
some evidence of tubers are present in both Holden's and our analyses. Of 25 coprolites, 9 contain only 
terrestrial plant food, 12 are dominated by plant foods but contain traces of fish, squid, or snails, 2 are 
dominated by fish bone with traces of terrestrial plant foods, 1 contains only fish bone, and one coprolite 
contained no identifiable remains. 
Table 4. (continued). 
1989-13 
MOl-6 
T-23 C-l 
1989-14 
MOl-6 T-27 
1989-15 
MOl-6 T-28 
1989-16 
MOl-6 T-29 
1989-17 
MOl-6, T-31 
1989-18 
MOl-6 T-32 
1989-19 
MOl-6 T-33 
1989-20 
MOl-6 T-46 
1989-21 
MOl-6 T-53 
1989-22 
MOl-6 T-56 
0.59 g fragmented fish bone 
(0.1-0.5 mm in length range) 
0.03 g grit of various geologic types 
0.01 g soft Cyperaceae seeds (n = 15) 
No Macroscopic Remains 
0.12 g thick plant stem 
0.12 g unidentifiable fecal debris 
No macroscopic remains 
0.03 g stem (0.5-5.0 mm in length range) 
0.03 g stem fragments (0.2-0.5 mm in length) 
0.01 g plant epidermis 
0.41 g Solanaceae fruit 
(seeds, pericarp, and fiber) 
Trace crustacean palp 
1.78 g grit in a tar-like matrix 
No macroscopic remains 
0.18 g stem and 0.24 g black, compressed 
plant tissue 
0.02 g fragmented fish bone 
0.85 g stem fragments 
(0.01-2.0 mm in length range) 
0.08 g stem fragments 
(0.005-0.01 mm in length range) 
0.12 g stem fragments 
(0.001-0.005 mm in length range) 
0.16 g fragmented fish bone 
(0.2-4.0 mm in length range) 
trace one radula or squid spine 
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14000 black plant fiber 
3000 wedge shaped phytoliths trace unknown, 
small starch granules 
224000 black plant fiber 
2000 potato-like starch 
44000 fiber type 2 and trace silicious druse 
6000 cotton-like fiber and 
11000 black plant fiber 
6000 vascular bundle and 
1000 epidermal phytoliths 
544000 black plant fiber 
8000 cotton-like fibers 
3526000 black plant fibers 
407000 fiber type 1 
180000 vascular bundles and 
23000 tracheids 
94000 black plant tissue 
3000 fiber of unknown origin trace tracheids 
No microscopic dietary residue 
42000 black plant fiber trace vascular bundle 
trace potato-like starch 
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On a very general level, the mummy coprolite analysis clearly shows that plant foods were a ubiq-
uitous part of Chinchorro diet. Relating to the specifics of testing the bone chemistry data, the coprolite 
analysis does not support the hypothesis that 94 % of the diet was animal protein. This begs the question, 
in isotopic dietary reconstruction, where did all the plant foods go? 
Bias in Isotopic Reconstruction 
Originally, we viewed the synthesis of coprolite and isotopic study of mummies as an ideal way to re-
construct diet. The long-term diet is theoretically represented in the bone chemistry and the foods eaten 
immediately before death are represented in the coprolites (Reinhard 1998). The exact species of plants 
and animals would be identifiable in coprolite analysis and the exact amounts of classes of foods would 
be represented in the isotopic data. The classes of foods would include meat, plants, C-3 pathway, C-4 
pathway, marine, and terrestrial. Clearly, this ideal was not met in Chinchorro analysis. 
The discrepancy between the analyses can be easily explained, at least partly. The dietary residues in 
coprolites represent those portions of the diet that are not digestible (Reinhard & Bryant 2009). The bone 
chemistry signals components of the diet that are completely digested, absorbed, and incorporated in the 
body's hard tissues. Therefore, coprolite analysis will over emphasize the cellulose component of diet 
which is only partly digested and underestimate the meat component which is completely digested. 
Table 5. Major dietary features of each sample based on our analysis and that of Holden (1994). 
Mummy Diet Reconstruction 
1989-4 MOl-6 T-55 Ground Cyperaceae seed flour and finely minced Scirpus rhizomes. 
1989-5 MOl-6 T-U1 Ground Cyperaceae seed flour and finely minced Scirpus rhizomes. 
1989-6 MOl-6 T-U7 Solanaceae fruit and ground Cyperaceae seed flour, chenopod seeds, traces of fish bone. 
1989-8 MOl-6 T-22 Finely minced rhizomes, traces of fish bone. 
1989-10 MOl-6 T-U3 Finely minced rhizomes, traces of fish bone. 
1989-11 MOl T-16 Finely minced rhizomes, Cyperaceae flour, and starch-rich tubers. 
1989-12 MOl-6 T-18 Finely minced rhizomes and starch-rich tubers, possibly potato, marine snails of genus 
Tegula (=Chlorostoma). 
1989-13MOl-6 T-23 Ground sardine-size fish bone, Cyperaceae flour, and rhizome. 
1989-14 MOI-6 T-27 Finely minced rhizomes and starch-rich tubers, possibly potato. 
1989-15 MOl-6 T-28 Finely minced rhizomes. 
1989-16 MOl-6 T-29 Finely minced rhizomes. 
1989-17 MOl-6 T-31 Finely minced rhizomes. 
1989-18 MOl-6 T-32 Solanaceae fruit. Possibly potato, traces of fish. 
1989-19 MOl-6 T-33 Finely minced rhizomes, traces of fish. 
1989-20 MOl-6 T-46 Traces of fish. 
1989-21 MOl-6 T-53 Solacanceae seed, finely minced rhizomes and fragmented bone of sardine-sized fish. 
1989-22 MOl-6 T-56 Finely minced rhizomes and starch-rich tubers, possibly potato, and fish bone. 
2000-1 MOl T-2 C-5 This was composed of black compressed plant tissue and stems, traces of fish bone. 
2000-2 MOl T-IO 
2000-3 MOl T-12 
2000-4 MOl T-20 
2000-5 MOl T-23 
2000-6 MOl T-24 
2000-7 MOl T-25 
2000-8 MOl T-IO 
Finely minced rhizomes. 
Finely minced rhizomes and fragmented bone of sardine-sized fish. 
No dietary residue was found in this sample. 
Finely minced rhizomes and fragmented bone of sardine-sized fish. 
Fragmented bone of sardine-sized fish and finely minced rhizomes. 
Finely minced rhizomes, horsetail stem, Brassicaceae (mustard family) seed and frag-
mented bone of sardine-sized fish. 
Solanaceae fruit. 
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The bone chemistry biases are more difficult to explain. For the strontium isotope data, the use of 
wild camelids and sea lions as proxy gauges of the extreme of terrestrial herbivorous diet and marine 
carnivorous diet. These animals were chosen to provide end points in the interpretation of human diet. 
For this purpose, these animal proxies may have been too radical for comparison to human diet. 
The carbon spacing values which also indicate that the Chinchorro were carnivorous are more difficult 
to explain away. The use of carbon spacing values is well-based in ecological and experimental studies. 
A possible explanation is that Tieszen et al. (1995) sampled mummies that were not from the Morro 
cemeteries. The 18 mummies they analyzed were published as "Late Chinchorro", but the provenience 
for the mummies was not specified. Therefore, the carbon and nitrogen isotopic data may be irrelevant 
to the specific study of mummies from Arica, Chile. 
Relevance to Social Reconstruction 
The discrepancy between isotopic reconstruction of diet and coprolite reconstruction of diet is remarkable. 
The stable isotopic work shows a culture completely reliant on the ocean and dependent on marine protein 
to the near exclusion of plant foods. Culturally, this would imply a sea hunting and fishing society with 
a very focused technology and economy. In contrast, the coprolite data reflect a broad-based economic 
strategy of harvesting fish and mollusks and collecting plant foods from wetlands. Importantly, both 
vegetal and animal food was ground and minced. This implies at least a grinding technology applied to 
plant foods and perhaps drying and grinding for fish. 
The two dietary reconstructions have social implications. The stable isotope diet would imply that 
both sexes and all age groups were involved in marine hunting. This has no behavioral analog in studies 
of historical hunter-gatherers. Sexual division of labor is one defining characteristic of hunter-gatherers, 
especially Central Place Foragers. 
In contrast, the coprolite reconstruction shows two main subsistence emphases, each with several 
specializations. The main emphases are on ocean protein and terrestrial plants. For ocean protein there 
are specializations represented in harvesting anchovy-size fish and collecting mollusks and coelenter-
ates. These would take place in shallow water for fish and tide pools/coastal rocks for mollusks. Sea lion 
bone and large fish bone in burials and middens shows that a third marine protein source came from 
hunting and fishing beyond tidal areas. For terrestrial plants, at least two classes of existing wetlands 
were harvested: sedge and horsetail. On-going pollen analysis indicates that cattail pollen may have 
been collected and eaten. Also, preliminary pollen identification by Luis Huaman reveals pondweed 
(Potamogeton) in several coprolites. We could not find pondweed today, although it is known from the 
Atacama Desert. Thus, at least two types of wetland, and perhaps four, were used by the Chinchorro. In 
addition, mustard and tomato family seeds show that the Chinchorro were harvesting wild plants from 
drier ecological zones. 
The coprolite evidence of subsistence rtrategy provides a more socially inclusive, and therefore more 
logical, reconstruction of diet following the principles of hunter-gatherer subsistence ecology summarized 
by Winterhalder (2007). Division of labor for collecting plants, harvesting mollusks and small fish, fishing 
for larger fish, and hunting sea lions could have been divided between age groups and sexes. Hunting 
and fishing was male activity. Other activities that involved exposure to ocean water such as diving and 
swimming were primarily male occupations. This makes sense for Central Place Foragers. 
Ecologically, a diversified subsistence base provided a cushion against starvation. For example, if 
all rhizomes were harvested, than gathering activities could have shifted to collecting plant foods from 
drier regions or to collecting shellfish. 
Conclusion 
Understanding subsistence, even in a broad sense, has great relevance to reconstructing the social com-
plexity of ancient peoples. Using one method for this essential archaeological goal is hazardous. As in 
the case of the Chinchorro, the isotopic data fail to detect plant foods in the diet. Relative to the coprolite 
data and general principles of Central Place Foragers, the hypothesis that the Chinchorro were 94 % 
dependent on protein proved to be unlikely to the point of incongruous. It is contrary to the other lines 
of evidence summarized herein. For whatever reason, the isotopic data failed to show 'the true character 
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of the people'. The take home lesson from this aspect of Chinchorro archaeology is that extreme reliance 
on isotope data can lead to a unreasonable reconstruction of ancient life. 
This problem is not isolated to the Chinchorro. On the other side of South America, Brazilian ar-
chaeologists working on Sambaquis (shell mounds) are learning the same lesson. For years, the diet 
reconstruction of Sambaquieiros has concluded that they were marine food reliant. However, recent 
analysis Sambaquieiro dental calculus reveals that plant foods were a ubiquitous aspect of diet. Indeed, 
all 143 Sambaquieiros analyzed for dietary microfossils in dental calculus had starch and/ or phytoliths 
(Boyadjian 2007, Boyadjian et al. 2007, Wesolowski 2007, Wesolowski et al. 2007). 
In recent years, stable isotopic analysis has increased in popularity as coprolite analysis has declined. 
There is a scientific attraction to stable isotopic data. Each analysis gives simple numeric expressions for 
each individual such as delta carbon, delta nitrogen, and spacing values. These can be easily compared 
between individuals and sites. In contrast, coprolite analysis results in multiple values for each individual 
as represented in the tables. Indeed, a single coprolite analysis can produced dozens of counts for each 
type of pollen, phytolith, starch, seed, fiber, epidermis, bone, etc. These types of data do not lend them-
selves as easily for statistical comparison. Also, as discussed by Reinhard & Bryant (2008), there has been 
a decline in the training of coprolite analysts for the past 20 years. Therefore, it is simply harder to find 
a qualified coprolite analyst today. 
This shows a continued need for trained coprolite analysts who can recognize residues of animal 
and plant foods. Happily, such training has been established in Peru, Chile, and Brazil. North American 
coprolite analysis training must be rejuvenated. It is only through the synthesis of coprolite and isotopic 
data that a reasonable reconstruction of ancient life can be achieved. 
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